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The functions of the National Bureau of Standards are set forth in the Act of Congress, March 
3, 1901, as amended by Congress in Public Law 619, 1950. These include the development and 
maintenance of the national standards of measurement and the provision of means and methods 
for making measurements consistent with these standards; the determination of physical constants 
and properties of materials; the development of methods and instruments for testing materiale, 
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development of standard practices, codes, and specifications. The work includes basic and applied 
research, development, engineering, instrumentation, testing, evaluation, calibration services, and 
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for other Government Agencies, particularly the Department of Defense and the Atomic Energy 
Commission. The scope of activities is suggested by the listing of divisions and sections on the 
inside of the back cover. 


Reports and Publications 


The results of the Bureau’s work take the form of either actual equipment and devices or 
published papers and reports. Reports are issued to the sponsoring agency of a particular project 
or program. Published papers appear either in the Bureau’s own series of publications or in the 
journals of professional and scientific societies. The Bureau itself publishes three monthly peri- 
odicals, available from the Government Printing Office: The Journal of Research, which presents 
complete papers reporting technical investigations; the Technical News Bulletia. which presents 
summary and preliminary reports on work in progress; and Basie Radio Propagation Predictions, 
which provides data for determining the best frequencies to use for radio communications throughout 
the world. There are also five series of nonperiodical publications: The Applied Mathematics 
Series, Circulars, Wandbooks, Building Materials and Structures Reports, and“ Miscellaneous 
Publications. 

Information on the Bureau's publications can be found in NBS Circular 460, Publications of 
the National Bureau of Standards ($1.25) and its Supplement ($0.75), available from the Superin- 
tendent of Documents, Government Printing Office, Washington 25, D. C. 

Inquiries regarding the Bureau’s reports should be addressed to the Office of Technical Informa- 
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: A ‘sauple of stainless steel (type S32) was subuitted by 


. the ordnance corps, Redstone oPseaal, funtsville, ALADERA » 


2h at af ite thermal conductivity in the teapera- 
: : te about 700% 8, Fes L7259-05¢). The 


tare range ¥ mat 
sample was shipped by the Jet Propulsion Labora Lory 3 
Fasadens 3s, california 8. Me. Danch-h95~Gho cot ee 


The sample was 6 bar of metal michined to form 4 «pezi- 
statec to be @ sample of alsi Type $52 stainless steel]. So 
amalysia of the etal composition wes furnished, or sade here. 


the thermal conductivity of the saaple was ceternined 
by means of & steady-state flow ef beat longitudinally in a 
bar speciaen, with neasurements of the teuperatures existing 
at the ends of giz consecutive approexiastely 3.5 «ms spans 
aleng the central length of the bar. ‘ach deteruination 
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wudired «@ + pat ef teats ai aoderately different temperature 
fielded values of thermal conductivity at 


. tse emer 

the teat spperatus is shawn sehematicaliy in Yigare 1. 

The ‘Speciaen was eupperted at the bottom upon a thia 

ness steel pin, and hela concentricgaily within 4 staine 
legs steel guard tube of l-cu wall thickuess, whieh in tars 
wes held concentrically within a ¢yiinérical cuter container. 
The apecimen wae ¢rilled at eseh enc with & 1.35~cn heise 
5.5 om deep. am electrical heater wes inserted and sceured 
im the hole at the bettem (het) end, and a Liquid-tight 


7 —* at the tep previced a commection for circulating « 


+o*e) through the top épili-hele. 


ef the specinen. theraocouples were similarly iccated on 
the guard tube im seven positions, five of which corresponded 
very clewely te lengitudinal positions of theruecouples cn the 
speciven. 

The guare Gabe wes equipped near its lower end with an 
external circumferential electric heater as shown, the guard 
tube wae cooled at the top by means of @ eepper-tube coil 
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APPARATUS FOR MEASURING THE THERMAL 


CONDUCTIVITY OF METALS 


Vagary 4 
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red cireumferentially at a positicn correspounding ia 
effect te thet of the specimen coclant well. Gcclant was 
wn well ang guerd coil in serics 


er 1e87 oo im diameter and §.2 om leng threaded 
; (ae eS Lemrose heater wire. lige resis 
ately s Gis, Current was broweht to the 


wommeelec at ihe pains where 
lein core. Thw heater was ehergisec by 
justebie smabenhewittaas oc source. Heater current 
‘aaents Were Bate Using stlendarc resia- 
muah potentioucter used for 
she guard was heated with congtant 


Srem callbrated ehromel anc 
, 129 welded te form 4 spherical 
junction about 1.9 aa in Giameter. Juctions in the apeciacs 
were inserted inte racleliy~tirillec holes 1.1 aa in cist 
ee 1.7 wm Geep im the side of the bar, and tightiy secures by 
paueh-pricking the metal arcund the hole, fhe theruccouple 
wires were ingividually insulated electrically with fiberglass 
Sleeving, and were \ i around the bar (one in each 
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direction) eeé tied ef the beck to secure then in the trans 
verve plane of the Yonction, The wires were brouwsht out 
hrough the powder insulation wear the guard tube. Tue 
aples in the qwaré tube were timlisriy attached te 
Wier surface. The longitw@inel positions of the 
| a naaiscaalomaaes talem ag these ef the canters ef 
Surec te the nearest 9.51 c@ with » 


imen., the apiece bebweeti it 
S2GUS 2arth sowder 
lation. whieh alee was used te ieculete the space sur- 
— the guard tube. 
7. _ a6, if there were ne beat exchenge between ihe 
arr er S, Uae Gemtactivity coals be 
the everage temperatere gradient fer each of the six apome 
along the sseviaen, «11 of aniferym caoun croge-tectionsl eres. 
in practiee, @ perfect telence of teape: atures teiwoon the 
bar amd guare ail along their lengtia is not powsible because 
of differences in their teugerature coefficients of conmduce 
tivity, amG the effect of the sutward keat Losees of the 
guard. In a@@ition to heat exchanges between the bar and guard 
from this cause, a not imeignificant longitucinsl flew of heat 
oceure in the powder insulation surrouncing the speciaen, anc 
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the ecutribution of the specimen te this heat flew must 
éepenc somewhat om the bar-to-guard temperature anbaleance. 
in opder te evaluate the heat flew im the bar gi tne 


eenter polute of each of the six spans, & partly seepirical 


procedure was used. iwe steady-state tent-rune were sade 
with — Gifterest Ser ena guard temperaniares and power 


sdiniendinins drop froa end to end ef a given apen differed. as 
6i¢ aise tae approximate ——" with respect te length of 
cansel ti Wh a aha nid es ae ere omen pacts 
it is thes peseible te write for each spen two equations 

(one for exch testqrm) of the foru: 


tiemal area of the specimen. 


civity ef the specines af the 
menu of the t9e Span wien tenparatures. 

At de the ad:  tempercture érep from end to enc of 
the Spe, corfesponding te the ean of tae gpanm mean 
Wicetiiaisaias tendinktes test rane. imis is obtainec 
for each test-run from the ebsarvea temperature Gif- 
ference by an adjusteent based on the varlaties of 
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temperatere orep along the specimen with mean tan- 

perature, and on ene~haif of the difference between 
the observed mean temperatures of the span ia the 
two test rans. 

4 is aah average heat exchange coufficient vnich Lespe 
the thermal conductance of the heat flow sath fron 
bar ‘és § beets and the contribution of the spectaen 
te the lengitudinal heat flew in the sagalatica, up 
te the apan venter poli. 

8 is the na tnmapeed integral with respect te length 
ef the observed ii erences of bar auc guard tenn - 
pee, fron the bet end ef the bar te the Span 


easured power imout t¢ the specinean heater. 
oss eal taneous pen on of the twe equations, the value 
ef & for each span, corresponding to the aecn span Bean tex- 
perature, is obtained. ALi of the computation of results is 
effected by was of an D7 #igital computer, suliably orse- 
ee te . “ mpute the value of x for each of the six spans 

cnalsting of the average chserved tenperature 
yweral bar and guaré positions, end the power 
inpet te the tar, for each of the two steady~state test-runs 
constituting 4 pair at nearly the same temperatures. ach 
tise is saved by maghine couputation, and accidental errors 
in the considerable calewlations are avoided. 
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ihe results of the therucl conductivity seeswresents 
ae shows in Figere 2. The points plotted on the Sgure 
ss Pepresent the individual values obtained im six runs an the 
_ apeeiwen, each ron yielding siz values, ‘The trend of the 
data appeare to be best represented by two straight lines 
daxbersesting ot « mean tespereture of shout 295°. Values 

ae eanuatdvtty indicated by the Lines at particwar values 
ae ef mean teugerature are tabulated below. 

eee ee ae, a ee 

Watt enc = 96339 «he .3h6 wee 0332 322 32 
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The indi vical ciues of thereal semiuctivity plotted 
‘da Figure 2 shew moterete scattering from the straight lines 
@Pewn bo represent the trend of the data. ‘The extrese depur- 
oes toe nt sida i about 1.5 percent; west departures are 
the ‘sashieens is believec due chiefly to saali ine 
umecies iA the teapefratures at pesitione on the specimen, 
as indLentec by its Chereecouples. 80h inaccuracies could 
 aPise fron departure of a thermocouple 
: ak Stain ae tee Crhimmne vise, 4 free tee 
: eision im sgeerteining the exact longitwiinel positiea of 
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uple Junction, or possibly frou beat conduction in 
le wires near the jumetion. ltheugh the wires 


bh encireled he specimen as nearly as possible in the trans- 
- Yerse plane of the junetion, the tenperature gradients in the 
_. fpecimen ware from 23 to 25 deg G/em, and a slight dieplace- 

| aint of the wires frou that plane would couse & tenperature 

—_* in them near the junction. towever an error in the 

3 spans of the syectaen weeld reduce the cheerved teuserature 


¢ at & polat interned: 


ey pee by a8 mack as 14 would inerease that for the 
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eter. Suis the en of tharast consustivity fer the two 
M ot the position ef a sucoth curve drawn azonget 
aaah Individual points would be affectee 1ttle. 


iy, but eppositely, affected, 
& Ser oF 


